The bronchiolar epithelium as a prominent source of pro-inflammatory cytokines after lung irradiation.
To study in detail the temporal and spatial release of the pro-inflammatory cytokines tumor necrosis factor alpha, interleukin (IL)-1alpha, and IL-6 in the lung tissue of C57BL/6 mice after thoracic irradiation with 12 Gy. C57BL/6J mice were exposed to either sham irradiation or a single fraction of 12 Gy delivered to the thorax. Treated and sham-irradiated control mice were killed at 0.5 h, 1 h, 3 h, 6 h, 12 h, 24 h, 48 h, 72 h, 1 week, 2 weeks, 4 weeks, 8 weeks, 16 weeks, and 24 weeks post-irradiation (p.i.). Real-time multiplex reverse transcriptase polymerase chain reaction was established to evaluate the relative messenger RNA (mRNA) expression of TNF-alpha, IL-1alpha, and IL-6 in the lung tissue of the mice (compared with nonirradiated lung tissue). Immunohistochemical detection methods (alkaline phosphatase anti-alkaline phosphatase, avidin-biotin-complex [ABC]) and automated image analysis were used to quantify the protein expression of TNF-alpha, IL-1alpha, and IL-6 in the lung tissue (percentage of the positively stained area). Radiation-induced release of the pro-inflammatory cytokines TNF-alpha, IL-1alpha, and IL-6 in the lung tissue was detectable within the first hours after thoracic irradiation. We observed statistically significant up-regulations for TNF-alpha at 1 h p.i. on mRNA (4.99 +/- 1.60) and at 6 h p.i. on protein level (7.23% +/- 1.67%), for IL-1alpha at 6 h p.i. on mRNA (11.03 +/- 0.77) and at 12 h p.i. on protein level (27.58% +/- 11.06%), for IL-6 at 6 h p.i. on mRNA (6.0 +/- 3.76) and at 12 h p.i. on protein level (7.12% +/- 1.93%). With immunohistochemistry, we could clearly demonstrate that the bronchiolar epithelium is the most prominent source of these inflammatory cytokines in the first hours after lung irradiation. During the stage of acute pneumonitis, the bronchiolar epithelium, as well as inflammatory cells in the lung interstitium, produced high amounts of TNF-alpha (with the maximal value at 4 weeks p.i.: 9.47% +/- 1.78%), IL-1alpha (with the peak value at 8 weeks p.i.: 14.76% +/- 7.77%), and IL-6 (with the peak value at 8 weeks p.i.: 4.28% +/- 1.33%). In the present study we have clearly demonstrated the immediate expression of the pro-inflammatory cytokines TNF-alpha, IL-1alpha, and IL-6 in the bronchiolar epithelium in the first hours after lung irradiation. A second, long-lasting release of these cytokines by the bronchiolar and alveolar epithelium, as well as by inflammatory cells, was observed at the onset of acute pneumonitis. Therefore, we postulate that lung irradiation causes immediate epithelial reaction, with the bronchiolar epithelium becoming a significant source of pro-inflammatory cytokines capable of promoting inflammation through recruitment and activation of inflammatory cells.